http.//ehpnetl.niehs.nih.gov/docs/1999/suppl-6/865-872reynolds/abstract.html Environmental tobacco smoke (ETS) exposure has been well established as a risk factor for lung cancer in individuals who have never smoked tobacco products (1) (2) (3) (4) (5) . Most of the human health evidence contributing to this conclusion has come from studies of nonsmoking women married to husbands who smoked. The focus on spouses' smoking habits, particularly in studies where women may be more likely to work outside the home, may underestimate the true risk relationship by failing to account for other major daily opportunities for exposure. This is emphasized by a number of exposure assessment studies suggesting that workplace sources of ETS exposure may be as great as the levels measured in households and may also be an especially important source of exposure for some occupational groups (69). These observations, together with concerns for the possibility of potentiating effects of ETS with other workplace toxicants, argue for a direct estimation of workplace-specific risks. Although there are now dozens of epidemiologic studies evaluating risks for lung cancer in nonsmokers living with spouses who smoke, relatively few have also examined workplace sources of ETS. Two very comprehensive reviews of the literature on ETS and lung cancer, by the U.S. and California Environmental Protection Agencies, include excellent discussions of the evidence for both spouse/household and workplace effects (4, 5) . Both these reviews suggest a consistency of risk estimates for ETS exposure in these various settings. A recent detailed assessment by Wells (10) suggests that the best summary estimate of relative risk for lung cancer specific to sources of ETS exposure in the workplace from combined studies is 1.39 (95% confidence interval [95% CI, 1.15-1.68]). In the present article, we give an overview of current epidemiologic evidence from individual studies that have provided specific risk estimates for lung cancer associated with workplace ETS exposures and extend previous reviews by including data from four new studies.
Factors to Consider in Assessing Risk Estimates of ETS Exposure
When evaluating specific estimates of lung cancer risk, it is important to consider various issues in the design of studies involving ETS exposure in the workplace. These issues primarily reflect the general challenges in designing and implementing observational studies, but some have particular relevance for workplace-associated risks. They include a number of factors found in the summary tables in this paper and incorporated in the discussion of their contributions to the question of interest.
Case and control selection criteria are among the most important features of these studies. Almost all the studies with data on workplace exposures have used a case-control study design. Most have selected cases from hospital populations, and only a few have attempted population-based case ascertainment. Because lung cancer in nonsmokers is such a rare event, it is far easier to identify and recruit eligible cases in a hospital setting than in the general population. A particularly important feature of studies of lung cancer is that the cases are correctly classified as having lung cancer. There is considerable variation in the level of diagnostic confirmation in published studies. Among nonsmokers in particular, there is a potential for cancer from other sites that are metastatic to the lung to be misdiagnosed as primary lung cancer. Histologic confirmation levels tend to be higher in hospital-based than in population-based studies. Conversely, hospital studies generally reflect a nonrandom series of patients who agree to interview and seldom contain information on the pool of eligibles from which they were drawn. For the population-based studies, response rates indicate the representativeness of the study sample. Hospital-based studies are subject to potential problems of selection bias but present a much more efficient strategy for case recruitment.
One of the most critical design features of a case-control study is the selection criteria for controls. Hospital-based studies most often recruit controls from other patient groups, including patients with other cancers. To the degree that these reflect smokingrelated conditions, controls in these studies may be too similar to the cases with respect to the risk factors of interest. Matching criteria for controls call for a balance between adequate matching to optimize statistical efficiency and avoidance of overmatching, which can result in diminution of power and bias results to the null.
The correct classification of exposure is also an important feature but is not always easy to achieve. Problems in exposure assessment include the choice of study respondents according to smoking history, method of eliciting information, and source of exposure information. Some studies have defined nonsmokers as current nonsmokers; hence they include an unknown proportion of former smokers. More rigorous designs have defined nonsmokers as lifetime nonsmokers. Although the primary method of assessing workplace ETS exposure in the epidemiologic literature has relied on questionnaire rather than on measurement indices, there is considerable variability in how the questions have been posed. For many existing studies, information has been elicited by a single question on workplace exposure. The use of respondent report also poses a particularly difficult problem when studying a highly fatal disease such as lung cancer. Once identified, many patients do not survive long enough to be personally interviewed. As a consequence, most population-based studies rely on information from next of kin. This is a problem especially troublesome for workplace studies. Information on environmental tobacco exposure from the spouse may still be quite valid, especially since the spouse is often the informant, but proxy respondents (generally family members) are much less likely to know about workplace exposures.
It is important to consider that most of the studies with information on risk of exposure to ETS in the workplace were neither explicitly designed to evaluate that association nor to evaluate workplace factors in general. As a consequence they have offered limited information on other risk factors that might mediate the observed associations with ETS. This may be particularly important, as some studies have suggested that passive smokers may differ on a number of potentially relevant characteristics compared to nonsmokers without reported passive smoke exposure (11) (12) (13) (14) (15) . Although diet and family history have been considered in some studies, especially in more recent ones, few have addressed other occupational exposures that might be relevant. Similarily, most include modest numbers of subjects and have very low power to detect a true risk association in a range of public health interests. In the tables that follow, power has been computed for the ability of a study to detect a minimum workplace odds ratio (OR) of 1.4 [from the summary analysis by Wells (10) ] with an alpha error of 0.05. For U.S. studies (16, 17) that did not provide information on the prevalence of ETS exposure in controls, prevalence from the U.S. multicenter study was used (18) . Power was estimated using the formula from Schlesselman (19) for studies with an unequal case-control ratio and the formula from Breslow (22, 24, 28) , two of these by Kabat and associates (22, 28 The two reports by Kabat and colleagues (22, 28) Table 2 of the referenced paper. e95% Cl has been corrected by Wells (10) to be 0.6-1.6.
Environmental Health Perspectives * Vol 107, Supplement 6 * December 1999 update of the earlier, but no information is given on the time period for case ascertainment in either. Several features of these investigations make it difficult to assess the impact of a number of potential sources of bias. The number of participating lung cancer patients was estimated by the authors to represent slightly less than 25% of eligible cases, and the authors indicate that cases were drawn primarily from outpatient services. Little information is provided on how community controls were selected. Information was gathered by a semistructured interviewing technique, and the criteria used for classifying workplace exposures are unclear. Both reports suggest null ETS associations with both household and workplace exposures, although the power to detect such an association was quite low. Unlike those in the U.S. studies by Kabat and Wynder (22) and Kabat et al. (28) , the Hong Kong controls reported a high prevalence of household exposure to ETS but very low prevalence of workplace exposure. The null association with household exposure stands in contrast to the significantly positive association reported for spouse exposure in the hospital-based study by Lam et Null results for workplace ETS exposures were also reported in a very small subset of married respondents in a multioutcome study in Great Britain (25) , as well as among nonsmokers in larger lung cancer studies from Greece (27) , Japan (26) , and Taiwan (29) . These studies all had low power to detect an OR as low as 1.4.
Two new European studies present additional detail on workplace-associated risks. The first is a study from Sweden (30) (32) , which is presented in greater detail in an IARC monograph (35) . This study, which spanned seven countries (12 data collection centers) and a 7-year ascertainment period, offers the largest total number of cases and controls (males and females combined) to date in a single study with workplace ETS estimates. The study protocol is somewhat of an amalgam of study types, with center-specific variations in a number of design features, including case and control ascertainment criteria. The most important difference cited by the authors was control selection criteria, with five centers using hospital controls, six using community controls, and one using both. Although there were also variations in the interview information collected between centers, they all used a standard questionnaire for ETS exposures. The pooled data analyses suggested only a modest overall effect for any exposure to workplace ETS for all subjects combined (Table 2 ) and for women (Table 1) . Point estimates for all subjects were greater than 1.0 in 8 of the 12 study centers. Analyses using a measure of duration of exposure (level x hours/day x years), however, suggested significant increasing risk with increased exposure (p for all subjects = 0.01, p for women only = 0.03). As in the Swedish study (30) , which included some subjects also included in the IARC study, a suggestion of decreasing risk with increasing time since last exposure was also noted. Workplace point estimates did not differ substantially from those for spouse exposures.
In general, the hospital-based studies offer a balance of strengths and weaknesses to this area of research. Most, because of their case selection criteria, do not include proxy interviews and hence include only information directly from the respondent of interest. Additionally, the use of hospital controls is likely to reduce the problem of differential recall bias. Conversely, these studies have greater propensity for selection bias and the common use of cancer controls (particularly for other cancers that may be smoking related) may tend to bias risk estimates toward the null. This is of special concern in these studies because of the evidence that ETS may be associated with a broader group of cancers than was previously believed based only on risk relationships for active smoking (36) (37) (38) The large IARC study (32, 35) builds on both the general strengths and weaknesses of hospital-based studies. This study, along with the Swedish report (30) , represents one of the few studies that has had an opportunity to comprehensively elicit information on a wide spectrum of parameters of lifetime exposures to ETS. Observations from this effort suggest modest risk associations that may vary with time since exposure.
Population-Based Studies in Nonsmoking Women
There are far fewer population-based studies (17, 18, 39, 40 ) of this extremely rare health outcome (Table 3) . This is not surprising, given the labor-intensive efforts required to fully ascertain all eligible cases quickly enough to invite these individuals to participate in a personal interview. Lung cancer in lifetime nonsmokers comprises an estimated 10% of all lung cancers in U.S. women and a much smaller proportion of lung cancers in men (22, 41) . With the exception of one study from northeastern China (40) A subsequent study by the same investigator in China (40) was also unlikely to provide strong evidence for ETS-associated risks because of the very strong risk associations that have been observed for home heating and cooking practices (40, (42) (43) (44) . In a small Denver study of adenocarcinoma of the lung (not tabled) that included 19 cases in nonsmoking women. Brownson et al. (45) reported a suggestively elevated OR associated with 4 hr or more of daily passive smoke exposure from household and workplace sources combined (OR = 1.7; 95% CI, 0.4-3.0). This study reported no increased risk for living with a spouse who smoked, but information was not presented separately for household or workplace exposures. The Missouri study by Brownson and associates (17) drew subjects from a study of current nonsmokers (never smokers and former smokers) that was designed primarily to evaluate radon-associated lung cancer risks among women with a low prevalence of work outside of the home in a residentially stable community (46) . Respondents in that study were interviewed by telephone rather than in person, and roughly two-thirds of the interviews were obtained from a proxy. A population-based Florida study (not tabled) providing one of the highest point estimates for spouse effects reported that there was no association between workplace ETS exposure and lung cancer in nonsmoking women but did not present any specific risk estimates (47) . The only study in this group, which was designed explicitly to investigate the relationship between ETS exposure and lung cancer, was the Fontham et al. study (18) . Conducted in five U.S. collaborating centers, it is the only study of the population-based group to report a statistically significant elevated risk of lung cancer in nonsmoking women exposed to ETS in the workplace. Although modestly higher than the point estimate for spouse exposures in this study, the workplace OR is well within the CI for the spouse estimate.
Studies Induding Nonsmoking Men
Only a few studies (16, 22, 25, 28, 30, 32, 48, 49) offer risk estimates for nonsmoking men (Table 2) . They include three older hospital studies, the two studies by Kabat et al. (22, 28) and the study by Lee et (50) , ETS exposure in the workplace was not associated with lung cancer mortality, but no specific risk estimates were given.
Also included are three recent European studies, those from Sweden (30) and Germany (49) , and the IARC multicenter study (32) . The Swedish and IARC studies, which provide separate workplace point estimates for women (who constitute the majority of cases among never smokers), are discussed in some detail above. The German study, also included in the IARC multicenter study, presents separate point estimates for lifetime nonsmokers and occasional smokers. Among men and women combined classified Study (reference) as never smokers, point estimates for high exposures to ETS from a spouse (OR = 1.87; 95% CI, 0.45-7.74) or from the workplace (OR = 2.67; 95% CI, 0.74-9.67) were both elevated, although with wide CI values in this small sample. Further adjustment for dietary factors had little effect on the risk estimates from this study. Point estimates for men only, or for men and women combined in these studies, were similar to those for women only when reported separately.
The generally null results and low power from this group of studies provide little additional information on workplace risks from ETS exposure. To remove anysex-related bias, the remainder of this article will focus on studies of women only.
Studies with Exposure-Response Estimates Only five studies present estimates for exposure-response effects from ETS ( Table  4) . Two of these, the small British study by Lee et al. (25) and the more recent study of Kabat et al. (28) , provide risk estimates for qualitative measures of exposure. Neither of these studies observed an overall effect for workplace ETS exposure, and neither provides strong evidence for an exposure-response effect. Exposure-response estimates for a quantified exposure measure are available from the U.S. (18) and IARC (32) multicenter studies, as well as from the (32) power to detect stable workplace risk estimates (48) . In addition, although most new Swedish study (30) . Data from the U.S. study in Table 4 are drawn from the original publication of the full multicenter study results (18) and from a follow-up analysis that included only working women and further adjustment for other sources of adult ETS exposure (51) . The latter analysis, although presenting slightly higher point estimates of risk, provided results that are statistically indistinguishable from those of the original paper. Data from this study suggest a doubling of risk for women reporting 30 or more years of workplace ETS exposure. The IARC study (35) provides risk estimates for years of workplace exposure as well as for a duration measure incorporating years and amount (level and hours per day). Only the latter measure suggests a dose-response trend, largely because of the nearly 2-fold risk at the highest category of exposure. Results in Table  4 Studies based on self-report and biomarkers have shown that a nonsmoker married to a smoking spouse is more likely to be exposed to tobacco smoke in other settings as well (52, 53) . Similar findings from an earlier study from Stockholm County, Sweden (54) indicated that risk estimates were higher for women exposed both at home and at work than for women exposed in only one setting. A somewhat contrary observation in a small mortality study from Pennsylvania (55) found that women who did not work outside the home had higher risks for lung cancer mortality with exposure to a smoking spouse (OR = 1.9) than women who worked outside the home (OR = 0.8).
In his landmark cohort study of over 91,000 women, Hirayama (56) Many of these same issues also were addressed in the IARC European multicenter study (32) , although with less consistency between study centers. There was a fair amount of variability in the study protocol from center to center, which also yielded some heterogeneity in point estimates between centers. Nonetheless, this very large study provides the first stable point estimates for Western European populations and provides some valuable additional methodologic information. Although active smokers were also recruited in many of the study centers, the analysis presented by Boffetta and Environmental Health Perspectives * Vol 107, Supplement 6 * December 1999 colleagues was restricted to individuals who reported not smoking more than 400 cigarettes in their lifetime. Validation studies on active smoking status were carried out in three of the centers via confirmatory interviews with next of kin. Data from this effort suggested a misclassification rate of only 1.2%. Histologic confirmation was obtained for 76% of the cases. Roughly half the study centers used hospital controls and half used community controls. Separate analyses with each type of center suggested no difference in ETS effects. Similar to the Fontham study, the IARC study paid special attention to detailed ETS exposure histories including information on timing, dose and sources, and included (in some study centers) a wide spectrum of covariables.
Summary
Of the many studies published to date that provide some evidence for ETS-associated risks for lung cancer in nonsmokers, few have explicitly addressed workplace sources of ETS exposure. The hospital-based and populationbased studies that provide specific workplace ETS point estimates for nonsmoking women are summarized in Figure 1 power to detect an odds ratio of that magnitude: the Missouri study by Brownson and colleagues (17) and the large U.S. and European multicenter studies (18, 32) . Each of these suggests an elevation of risk, although only the point estimate from Fontham et al. (18) has a 95% CI that excludes 1.0. It is noteworthy that the workplace risk estimates across studies tend to be consistent with those from exposure to a smoking spouse. This consistency raises the important issue of exposure opportunities by source and setting. National survey data for 1995 suggested that roughly a quarter of nonsmoking work force members are exposed to ETS by their co-workers (57) . This estimate is similar to that from California's baseline tobacco survey at the beginning of the decade (58), before statewide smoking bans were legislatively mandated. Notably, however, the prevalence of reported workplace exposure has been very much a function of workplace smoking policy. Among nonsmoking Californians who worked indoors between July 1990 and June 1991, 31% reported ETS exposure at work. This ranged from 52% exposed in workplaces with no smoking restrictions, to 50% in workplaces with minor restrictions, to 24% in workplaces prohibiting smoking in the work area, to 10% in workplaces where there was a total ban on smoking. Additionally, since a number of studies suggest that certain occupational groups may have unusually high workplace ETS exposure (6-9,59), questions of workplace-associated risks need to incorporate better exposure information than is traditionally available from epidemiologic studies on this topic.
The limits of human health studies to detect small and difficult-to-measure risks, as is the case for ETS, was eloquently discussed in the editorial accompanying the recently published IARC study of ETS and lung cancer (60) . The human health evidence from epidemiologic studies provides only one piece of the puzzle in this regard. Together with exposure and biomarker information, the evidence suggests that exposure to ETS, whether at home or at work, is a risk factor for lung cancer among nonsmokers.
